In a recent Diabetes Control and Complications Trial (DCCT)/Epidemiology of Diabetes Interventions and Complications (EDIC) study report, mean HbA 1c was the strongest predictor of cardiovascular disease (CVD) after age. In DCCT/EDIC, mean diabetes duration was 6 years (median 4) at baseline and those with high blood pressure or cholesterol were excluded. We now replicate these analyses in the Pittsburgh Epidemiology of Diabetes Complications (EDC) prospective cohort study of childhoodonset (at <17 years of age) type 1 diabetes, with similar age (mean 27 years in both studies) but longer diabetes duration (mean 19 years and median 18 years) and no CVD risk factor exclusion at baseline. CVD incidence (CVD death, myocardial infarction (MI), stroke, revascularization, angina, or ischemic electrocardiogram) was associated with diabetes duration, most recent albumin excretion rate (AER), updated mean triglycerides, baseline hypertension, baseline LDL cholesterol, and most recent HbA 1c . Major atherosclerotic cardiovascular events (CVD death, MI, or stroke) were associated with diabetes duration, most recent AER, baseline systolic blood pressure, baseline smoking, and updated mean HbA 1c . Compared with findings in DCCT/ EDIC, traditional risk factors similarly predicted CVD; however AER predominates in EDC and HbA 1c in DCCT/E-DIC. Thus, the relative impact of HbA 1c and kidney disease in type 1 diabetes varies according to diabetes duration.
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Despite improvements in treatments, contemporary estimates show that individuals with type 1 diabetes continue to be at a dramatically increased risk of cardiovascular disease (CVD) compared with the background population, particularly at younger ages (1) (2) (3) . Intriguingly, this increased risk does not seem to be fully accounted for by the hyperglycemia that characterizes type 1 diabetes (4) . Similarly, the levels of traditional CVD risk factors, including LDL cholesterol (LDLc), are not generally elevated in type 1 diabetes (5) ; thus, no single factor has been implicated in this increased CVD risk. Investigators from the Diabetes Control and Complications Trial and its Epidemiology of Diabetes Interventions and Complications follow-up study (DCCT/EDIC) have recently performed a comprehensive examination of risk factors for 27-year incidence of CVD in type 1 diabetes (6) . We now report on similar analyses of risk factors for CVD incidence over 25 years of follow-up in the Pittsburgh Epidemiology of Diabetes Complications (EDC) study cohort. The EDC study differs from DCCT/EDIC in several key aspects. First, the EDC cohort is exclusively comprised by subjects with childhood-onset diabetes, and the distributions of age at type 1 diabetes onset in the two studies only overlap by 3 years (adolescents aged 13-16 years). Additionally, while the age distributions themselves are similar (mean age 27 years at baseline in both studies), the mean type 1 diabetes duration at study baseline was 13 years greater in EDC (19 years compared with only 6 years in DCCT/EDIC) ( Supplementary  Table 1 ), which enables the examination of the natural history of individuals through longer durations. The DCCT also excluded individuals with high blood pressure or cholesterol and with more than minimal retinopathy or albuminuria at baseline (7) , so it is unclear whether the findings apply to populations without risk factor or microvascular complication exclusion. Finally, while the observational EDC study does not have randomized groups, we can characterize risk factor exposures in a real-world setting and thus support the generalizability of the DCCT/EDIC findings in a complementary cohort. Therefore, our objective was to comprehensively assess baseline and time-varying risk factors for 25-year total CVD and major atherosclerotic coronary event (MACE) incidence in the Pittsburgh EDC and compare the findings with those of the DCCT/EDIC.
RESEARCH DESIGN AND METHODS

Study Population
The EDC study is a prospective cohort study of childhoodonset (,17 years old) type 1 diabetes. All participants (n = 658) were diagnosed, or seen within 1 year of diagnosis, at Children's Hospital of Pittsburgh between 1950 and 1980. The cohort has previously been described in detail (8, 9) . In brief, participants have been followed since 1986-1988, initially with biennial examinations for 10 years and thereafter with biennial questionnaires and further examinations at 18-and 25-years postbaseline. Research protocols were approved by the University of Pittsburgh institutional review board, and all participants provided written informed consent.
Cardiovascular Outcomes
EDC participants were followed for 25 years to assess the incidence of total CVD, defined as the first instance of CVD death, nonfatal myocardial infarction (MI) (including clinical events and subclinical MI on electrocardiogram, i.e., Minnesota code 1.1 or 1.2), nonfatal stroke, coronary revascularization procedure, blockage $50%, ischemic electrocardiogram at EDC study visit (Minnesota codes 1.3, 4.1-4.3, 5.1-5.3, 7.1), or EDC physician-diagnosed angina. The secondary outcome, MACE, was defined as the first instance of CVD death, nonfatal MI, and nonfatal stroke. Fatal events were ascertained using medical records, death certificates, autopsy reports, or interview with next of kin and classified according to the Diabetes Epidemiology Research International (DERI) system (10) . Nonfatal MI, stroke, coronary revascularization, and blockage were confirmed with medical records.
Risk Factors
Risk factors were assessed at baseline and repeated at 2 , 4 , 6 , 8 , 10 , and 18 years of follow-up. From baseline through 10 years of follow-up, HbA 1 values were converted to DCCT-aligned HbA 1c values using a regression equation derived from duplicate assays (DCCT HbA 1c = 0.14 + 0.83 [EDC HbA 1 ]) (11) . At the 18-year examination, HbA 1c was measured using the DCA 2000 analyzer (Bayer HealthCare LLC, Elkhart, IN) and converted to DCCT-aligned HbA 1c by the following equation: DCCT HbA 1c = (EDC HbA 1c 2 1.13)/0.81. From baseline through the 10-year examination, serum total cholesterol and triglycerides were determined enzymatically (12, 13) and HDL cholesterol was determined using a modified precipitation technique (14) based on the Lipid Research Clinics method (15) . At the 18-year examination, serum lipids were measured using the Cholestech LDX (Cholestech, Hayward, CA). Blood pressure was measured according to the Hypertension Detection and Follow-Up protocol (16) with a random-zero sphygmomanometer, replaced by an aneroid sphygmomanometer at the 18-year exam. Hypertension was defined as blood pressure $140/90 mmHg or use of blood pressurelowering medication. Pulse pressure was calculated as the difference between systolic and diastolic pressures. Pulse rate (bpm) was determined by palpitating the radial pulse for 30 s and multiplying by 2. Serum creatinine was measured using an Ektachem 400 Analyzer (Eastman Kodak Co.). Serum and urinary albumin was measured by immunonephelometry (17) . Albumin excretion rate (AER) was calculated for each of three timed urine samples (24-h, overnight, and 4-h collections obtained over a 2-week period); the median of the three AERs was used in analyses. Overt nephropathy was defined as AER .200 mg/min in at least two of the three timed urine samples. Estimated glomerular filtration rate (eGFR) was calculated with the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) creatinine equation (18) . Height and weight were measured using standard methods to calculate BMI. Waist and hip circumference were measured at least twice; the average of each was used to calculate the waist-to-hip ratio. Insulin dose was calculated as total insulin units per day divided by body weight (kg). Information on past and current smoking status, alcohol consumption, medications, and first-degree family history of hypertension, MI, diabetes before age 30 years, and diabetes after age 30 years was obtained by self-administered questionnaire. Physical activity was assessed using the Paffenbarger Questionnaire (19) , and average total weekly energy expenditure was calculated (kcal/week). Hypoglycemia requiring assistance was defined as reporting at least one hypoglycemic episode in the past 2 years resulting in unconsciousness or hospitalization or a hypoglycemic episode in the past 12 months that was not recognized by the participant (i.e., someone else had to tell or help the participant). Estimated glucose disposal rate (eGDR), a validated measure of insulin sensitivity (20) , was calculated as follows: eGDR (mg/kg/min) = 24.395 2 (12.971 3 waist-to-hip ratio) 2 (3.388 3 hypertension) 2 (0.601 3 HbA 1c ).
Statistical Analyses
Participants with prevalent CVD (n = 54) or MACE (n = 16) at baseline were excluded from the corresponding analyses. Risk factors were grouped into the following blocks, corresponding with the DCCT/EDIC report (6): Three variable forms were assessed: 1) fixed baseline level, 2) time-varying most recent level (i.e., current), and 3) time-varying updated mean level. Cox models were used to estimate the relative risk associated with a 1-unit increment in the risk factors at three levels of adjustment: 1) unadjusted/univariable models for each form of each factor individually; 2) within-block multivariable models, fit using backward selection, minimally adjusted for age and mean HbA 1c ; and 3) fully adjusted multivariable models, incorporating variables from all blocks. These fully adjusted models were fit by offering the variables in stages, by block, with the best fitting model including the variables from block one using backward selection fit first and then offering all variables from block two and again performing backward selection. A threshold of P , 0.05 was applied to retain each variable in the model. Then, the variables from block three were added to this new model, and backward selection was again performed. This process was repeated until variables from all blocks were incorporated and a final model was selected. At each step, any of the variables retained in prior steps could be dropped from the model if the P value rose .0.05. Alternative models were fit offering eGDR in place of its components (HbA 1c , hypertension, and waist-to-hip ratio), and these models were compared with the primary models using the Akaike information criterion (AIC) (17) . The same analyses were repeated with time to first MACE as the outcome. Cox analyses were performed using SAS, version 9.4 (SAS Institute, Cary, NC). In sensitivity analyses, two additional variable selection approaches were used: 1) starting with all variables having a univariable association with the outcome of P , 0.10 and fitting a final model using backward selection and a significance threshold of P , 0.05 and 2) starting with all variables regardless of univariable association and fitting a Cox model with backward selection using a significance threshold of P , 0.05.
RESULTS
Univariate Analyses
Baseline Risk Factors
Participant baseline characteristics by total CVD incidence status and the unadjusted hazard ratios (HRs) associated with a 1-unit increment in each factor are shown in Table 1 . Of the 604 participants free of CVD at baseline, 236 (39.1%) had an incident CVD event and 162 (25.2%) had an incident MACE during follow-up. Kaplan-Meier survival curves for total CVD and MACE are shown in Fig. 1 . Those who went on to develop CVD were more likely to be older; more likely to be smokers; more likely to have lower physical activity energy expenditure; more likely to have a family history of MI and diabetes; and more likely to have higher systolic and diastolic blood pressures, higher pulse pressure and pulse rate, higher total cholesterol, higher LDLc, higher non-HDL cholesterol, higher triglycerides, lower HDL cholesterol, longer diabetes duration, higher AER, and higher HbA 1c . The proportions developing CVD were similar by sex (40% men vs. 38% women, P = 0.59). Men who went on to develop CVD were more likely to have higher weight and BMI, while there were no differences in weight or BMI by CVD incidence in women.
Time-Varying Risk Factors
The unadjusted HRs for a 1-unit increment in each timevarying most recent (i.e., current) or updated mean risk factor are presented in Table 2 . Most recent older age, higher BMI (men only), smoking, less physical activity, higher systolic and diastolic blood pressures, higher pulse pressure, hypertension, higher pulse rate, higher total and LDLc, lower HDL cholesterol (marginally significant), higher triglycerides, lower eGDR, lower eGFR, higher AER, and higher HbA 1c were associated with an increased risk of any CVD. Most recent use of ACE inhibitors, b-blockers, calcium channel blockers, and lipid-lowering medications was also associated with an increased risk of CVD in these unadjusted models. The risk associated with updated mean levels of risk factors was similar, with the exception of higher updated mean insulin dose, which was associated with a lower risk of CVD, while most recent insulin dose had no association with risk.
For MACE, the unadjusted associations with the timevarying risk factors were similar, with a few exceptions. BMI was not associated with risk of MACE. Both most recent and ever hypertension status and triglycerides were somewhat more strongly associated with MACE than with any CVD. Most recent use of lipid-lowering medications and mean insulin dose were not associated with MACE. While the association between most recent AER and MACE (HR 1.5) was similar to the association between AER and CVD (HR 1.4), a history of ever having overt nephropathy was more strongly associated with MACE (HR 4.9 vs. 3.6 for any CVD).
Multivariable Analyses
Within-Block Multivariable Models
HRs from the within-block multivariable models, after adjustment for age and mean HbA 1c , are presented in Table 3 . Within the demographic variable block, higher baseline BMI and baseline smoking were associated with increased risk of any CVD, while higher physical activity was associated with lower risk, after adjustment. Only baseline BMI and smoking remained associated with MACE after adjustment.
Within the traditional variable block, most recent systolic blood pressure, baseline hypertension, most recent ACE inhibitor use, mean triglycerides, and baseline LDLc were associated with increased risk of any CVD, while most recent lipid-lowering medication use was protective, after adjustment. For MACE, mean systolic blood pressure, most recent hypertension, and mean triglycerides were associated with increased risk.
In a model offering diabetes-related factors, longer diabetes duration, lower most recent eGFR, higher most recent AER, and higher most recent HbA 1c were associated with increased risk of any CVD. In consideration of eGDR instead of HbA 1c , most recent eGDR was associated with a lower risk of any CVD. Otherwise, this alternative model was nearly identical to the primary model with HbA 1c but had a better fit as assessed by AIC (AIC = 2,384.4 vs. 2,392.9 for the model with HbA 1c ). The difference between the two AICs was D = 8.5, which does not provide support for the model with HbA 1c being a better approximation of the data than the model with eGDR (21) . The primary model for MACE was similar to that for any CVD, except that mean HbA 1c was retained instead of most recent HbA 1c and both it and AER were slightly more strongly associated with MACE than with any CVD. In the model considering eGDR, which had a worse fit than the primary Data are median (interquartile range) or % (n) unless otherwise indicated. †Per-unit increment. ǂNatural log transformed before modeling.
model, higher most recent eGDR was protective against MACE, but eGFR was not retained as it had been for any CVD.
Fully Adjusted Final Multivariable Models
The final multivariable models, accounting for variables in all blocks, are presented in Table 4 . For total CVD, baseline diabetes duration, most recent AER, mean triglycerides, baseline hypertension, baseline LDLc, and most recent HbA 1c were associated with risk of an event. In the alternative model, higher current eGDR was protective. Otherwise, the same risk factors were retained in the model considering eGDR as in the primary model, with very similar model fit. In the primary model for MACE, baseline diabetes duration, most recent AER, baseline systolic blood pressure, baseline smoking, and mean HbA 1c were associated with increased risk. In the model considering eGDR for MACE, in addition to diabetes duration, most recent eGDR, most recent AER, and mean triglyceride level were retained, while smoking was not. For MACE, the primary model with HbA 1c had better fit (AIC 1,725.0) than the alternative model with eGDR (AIC 1,741.6). For both total CVD and MACE, the two approaches used in sensitivity analyses both resulted in the same final models, shown in Table 4 .
DISCUSSION
As expected, traditional CVD risk factors, including blood pressure/hypertension and lipids, are strongly associated with total CVD and MACE incidence. Mean HbA 1c was also a contributor to total CVD and MACE risk, though it was relatively weaker than other independent risk factors, except for LDLc for total CVD. In alternative models, eGDR, a derived measure of insulin sensitivity (20) , was more strongly related to total CVD than even LDLc or eGFR. However, the model with eGDR had a poorer fit for MACE than the primary model offering HbA 1c , suggesting that insulin sensitivity may be a better predictor of softer CVD end points in type 1 diabetes.
Our results show both similarities and important differences compared with those recently reported by DCCT/ EDIC (6) . In EDC, 39% developed total CVD and 27% developed MACE, over 25 years of follow-up, compared with 13 and 6%, respectively, in DCCT/EDIC over 27 years. Much of this difference is likely driven by the differing diabetes durations of the two studies, with EDC having mean duration of 19 years (median 18 years) vs. 6 years (median 4 years) in DCCT/EDIC. In the final multivariable models for total CVD, diabetes duration, triglycerides, and LDLc predicted CVD similarly in both studies. However, a key difference was that mean HbA 1c was a much stronger predictor of CVD in DCCT/EDIC than in EDC. Meanwhile, AER was the strongest risk factor for total CVD in EDC, while no renal markers were independent risk factors for CVD in DCCT/EDIC. Additionally, ACE inhibitor use was protective and family history of MI was associated with increased total CVD risk in DCCT/EDIC, but neither were independently associated with CVD in EDC. Diabetes duration, systolic blood pressure, and smoking predicted MACE with similar effect sizes in both EDC and DCCT/EDIC. However, ACE inhibitors were protective and pulse rate predicted MACE in DCCT/EDIC, but neither was associated with MACE in EDC. Again, HbA 1c was associated with MACE in EDC but not as strongly as in DCCT/ EDIC. AER was the strongest predictor of MACE after type 1 diabetes duration in EDC, while no renal markers were independently predictive of MACE in DCCT/EDICresults that likely reflect the delay in developing renal disease in DCCT/EDIC due to intensive insulin therapy.
Traditional risk factors were similarly associated with total CVD and MACE in both EDC and DCCT/EDIC, supporting the generalizability of DCCT/EDIC despite the stricter eligibility requirements. However, there are notable exceptions of weaker HbA 1c associations and stronger renal disease/albuminuria associations in EDC compared with DCCT/EDIC. In EDC, 76% of those developing total CVD and 89% of those developing MACE had at least microalbuminuria before their incident event, and 50 and 60% had macroalbuminuria, respectively. Part of the increased role of renal disease in EDC may reflect the fact that, particularly in the primary cohort of DCCT/ EDIC, advanced albuminuria was excluded (7) . Interestingly, another analysis from DCCT/EDIC focused on the renal disease-CVD link and reported that advanced albuminuria was predictive of CVD in a less fully adjusted model (22) . Our current findings suggest that, at longer type 1 diabetes durations, much of the HbA 1c effect on CVD risk captured in DCCT/EDIC may be mediated through other factors. Indeed, in an important recent report from DCCT/EDIC, the authors show that the association of HbA 1c with 10-year CVD risk seems to be increasingly mediated by other risk factors with increasing age and diabetes duration (23) . Other EDC analyses have also provided evidence that renal disease is a particularly important predictor of CVD at longer type 1 diabetes durations (24) . Current AER was a stronger predictor of CVD risk compared with baseline or mean AER in the current analyses, supporting the hypothesis that worsening AER with increasing type 1 diabetes duration is driving the association between AER and CVD incidence. It is important to note, however, that increased albuminuria may reflect not only renal/glomerular damage but also generalized vascular damage. Previous analyses from the EDC study and others have demonstrated that increased albuminuria accounts for all excess mortality in type 1 diabetes compared with the general population (25, 26) . Finally, differences in HbA 1c measurement between the two studies may at least partially account for the difference in the strength of associations. HbA 1c was measured more frequently in DCCT/EDIC, with quarterly assessments during DCCT and annual assessments during EDIC. In the EDC study, HbA 1c was measured every 2 years during the first 10 years of follow-up and once more at 18 years. This difference in frequency of measurement means that the precision of HbA 1c over time is higher in DCCT/EDIC, lending greater power to detect an association. Additionally, in EDC, HbA 1c measurements were aligned to DCCT values using a validated regression equation (described in the RESEARCH DESIGN AND METHODS), which also introduces additional variability into the EDC measurements, reducing power to detect associations compared with DCCT/EDIC.
In EDC, eGDR, a calculated measure of insulin sensitivity, was a stronger independent predictor of total CVD than MACE, suggesting that insulin resistance may be more strongly associated with softer CVD end points. Interestingly, for total CVD, the model fit was very similar between the two versions of the final models (i.e., primary models offering the individual components and the alternative models offering eGDR). In the past, baseline eGDR has been found to be a stronger risk factor for coronary artery disease than baseline HbA 1c in the EDC study (27) . Now, as we examine all CVD and have incorporated timevarying risk factors in the current analyses and longitudinal HbA 1c trajectories in other recent analyses (28), HbA 1c emerges as an independent, though modest, predictor of CVD incidence.
A worsening glycemic trajectory over time may also be more important in predicting who is at highest risk for CVD events than a single HbA 1c measurement (11, 28) . This finding contrasts with the associations with hypertension and LDLc, where baseline variables were selected as independent risk factors of total CVD, suggesting a more stable association with risk over time. This finding is also consistent with other reports in the general population that have found a stronger association between earlier LDLc exposure and the risk of subsequent coronary artery disease compared with more recent LDLc (29) (30) (31) .
Our study has many strengths. The EDC is a wellcharacterized, prospective cohort study with 25 years of follow-up to ascertain CVD incidence and risk factors and the cohort has been shown to be epidemiologically representative of those with childhood-onset type 1 diabetes (8, 32) . CVD events were verified using death certificates and medical records by reviewers who were masked to risk factor status. Risk factors were assessed prospectively using standardized methods. As an observational study, EDC did not exclude participants based on clinical factors at baseline, increasing generalizability. A further strength of this report is that it replicates a recent analysis from the DCCT/EDIC (6) . The similarities of our results to those in that DCCT/EDIC report, as well as another more recent DCCT/EDIC report (23) , support the reliability of our models.
The first limitation of these analyses is that the follow-up covers a long period, which may not represent the current therapeutic model. Nonetheless, in a recent contemporary follow-up from EDC, we continue to demonstrate high CVD risks (3) . Second, there is the potential for "survivor bias," particularly in the older participants, because prevalent cases of CVD at baseline were excluded. A related issue is the potential problem of competing risks, particularly death from non-CVD causes. During the 25-year follow-up, 44 EDC participants died of non-CVD causes prior to developing any CVD (i.e., 12% of noncases). In our analysis, these competing events are treated as censored observations. Cox regression in the presence of such right censoring due to a competing risk provides a valid assessment of covariate effects on the CVD cause-specific hazard (33) . A further limitation is that the cohort is 98% Caucasian, owing to the demographics of Allegheny County, Pennsylvania (,15% African American), and lower incidence of type 1 diabetes among African Americans during the period when the cohort was diagnosed. Thus, it is unknown whether these results apply to more diverse populations with type 1 diabetes.
In conclusion, vascular damage, as measured by most recent AER, was the strongest predictor of both total CVD and MACE, after type 1 diabetes duration, in this observational cohort with long-standing type 1 diabetes. Mean HbA 1c was also a significant, but weaker, contributor to both total CVD and MACE risk. These results confirm recent findings from DCCT/EDIC (23) that much of the HbA 1c effect on CVD risk is mediated through other factors at longer type 1 diabetes durations, suggesting that, in addition to consideration of good glycemic control, CVD risk should be addressed with a broader risk factorbased approach.
